The glycoproteins HN and F and the lipids were solubilized from Sendai virus envelopes by using the nonionic detergent P-D-octylglucoside. When P-D-octylglucoside was removed by dialysis, the glycoproteins and lipids reassociated to form vesicles. These vesicles displayed hemagglutinating, neuraminidase, and hemolysin activities comparable to those expressed by the intact virus. The vesicles were used as carriers to transfer the glycoproteins to the surface of P815 cells. The recipient cells were tested for the acquisition of the glycoproteins by demonstration of surface neuraminidase, hemadsorption activity, and antigens. The modified cells were used as targets for natural cell-mediated lysis and were found to be sensitive.
Viral infection elicits both humoral and cellular immune responses. In the humoral response, antibodies directed to viral glycoproteins are thought to be the major protective mechanism to subsequent exposure (8) . The T cell-mediated responses are directed to the viral glycoproteins displayed on infected cell surfaces. These responses additionally require the compatibility of the major histocompatibility antigens of targets and cells of the immune system (18, 34) . This component of the immune response plays a role in recovery from viral infection (25, 33) . Another cellular response that is thought to be significant in recovery is mediated by natural killer (NK) cells (10, 19, 24, 32) . NK cell activity is augumented in viral infections that induce interferon. Santoli et al. (24) presented evidence that increased susceptibility of virus-infected cultures to NK cell-mediated lysis was due to activation of NK cells by interferon released in the cultures. They concluded that the killing was nonspecific and that virus infection was required only for activation of NK cells. Other investigators (2, 19, 32) have suggested that NK cells may recognize viral or nonviral antigens present on virusinfected cells. Recognition could be associated with viral glycoproteins present on the surfaces of the infected cells or with other virus-induced cell surface modifications which result from alterations in cellular metabolism. In the face of such complexity, the role of viral glycoproteins in target susceptibility is obscured. In this report, a method for approaching an analysis of the role of glycoproteins in the absence of virus infection is presented. The glycoproteins HN and F are removed from Sendai virus and reconstituted into lipid vesicles, and the vesicles are used to transfer the proteins to the surface of uninfected cells. The cells are thus rendered susceptible to natural cell-mediated cytolysis.
MATERIALS AND METHODS Purification of virus. The Cantell strain of Sendai virus (received from R. Chada, Roswell Park Memorial Institute, Buffalo, N.Y.) was grown in 10-day-old embryonated eggs. Eggs were inoculated with 103 embryo infectious doses, 50%, and incubated at 37°C. The allantoic fluid was harvested after 72 h and cellular debris was removed by centrifuga-tion at 3,000 x g for 30 min at 4°C. Allantoic fluid samples which had a titer of 1,024 or greater were centrifuged at 46,000 x g for 2 h at 4°C. The pelleted virus was suspended in phosphate-buffered saline (PBS), pH 7.2, and purified by the procedure of Haywood (11 (27) .
Hemolysis assay. Hemolytic activity of partially purified virus and reconstituted vesicles was measured by the method described by Hsu et al. (14) . Samples were diluted in PBS, pH 7.2, to a volume of 0.5 ml in glass tubes (12 by 75 mm). Each tube received 0.5 ml of human erythrocyte suspension (0.5% in PBS, pH 7.2). After mixing was performed, the tubes were kept on ice for 45 min and then were incubated at 37°C for 3 h with shaking every 20 min. The mixture was chilled on ice and centrifuged at 2,000 x g for 10 min. Interferon assay. Supernatant fluids from cytotoxicity assays were assayed for interferon by an inhibition-of-cytopathic-effect method. Fluids harvested from triplicate assays were pooled, the pH was reduced to 2.0, and the fluids were held for 16 h at 4°C. After readjustment to pH 7.0, the fluids were serially diluted 1:10 to 1:320 and were placed on L-929 cell monolayers for 16 h at 37°C. The fluids were removed, and the monolayers were challenged with vesicular stomatitis virus at a multiplicity of infection of 1.0. NIH standard mouse L-cell interferon containing 2,000 U/ml was run as a positive control. Monolayers were inspected at 48 h after inoculation for the presence of cytopathic effect.
Natural cell-mediated cytotoxicity assay. The method used was similar to that described by Shearer et al. (26) . Spleens from BALB/c nude mice 6 to 8 weeks old were used as the source of natural cytotoxic cells. For the purpose of this report, the cell-mediated cytotoxicity of this cell population will be operationally defined as NK activity. The spleens were perfused in Hanks buffered saline solution (HBSS) supplemented with 100 U of penicillin per ml and 100 ,ug of streptomycin per ml. After standing in a plastic petri dish for 30 min at room temperature, cells were filtered through a nylon mesh, and an equal volume of ACK lysing buffer (8.29 g of NH4Cl, 1.0 g of KHCO3, and 0.0372 g of disodium EDTA dissolved in 1 liter of deionized distilled water) was added to lyse erythrocytes. After 5 min, HBSS containing 10% heat-inactivated newborn calf serum and antibiotics was added. Cells were centrifuged at 1,000 rpm for 10 min at 4°C, suspended in HBSS, and washed one more time. Cells were then suspended in cold RPMI 1640 medium supplemented with 10% heat-inactivated newborn calf serum and antibiotics. Viable cells were counted by the trypan blue (0.2%) exclusion procedure, and the concentration was NK assays were carried out in 96-round-cup microtiter plates. Fifty microliters of target cells was placed in each well, and various numbers of effector cells were added. Cell suspensions at all the effector-to-target ratios were tested in triplicate. Best results were obtained at an effector-to-target ratio of 100. To determine the spontaneous release, the targets were incubated with the medium alone. Maximum release of 51Cr was determined by adding 0.2 ml of 0.1 N hydrochloric acid. The total volume in each well was 250 ,lI.
Plates were incubated at 37°C with 5% CO2 for 4 h. Plates were then centrifuged at 1,000 rpm for 10 min, and 100 ,ul of the supernatant was removed from each well, placed in glass tubes, (12 by 75 mm), and counted in a Packard scintillation counter. The mean count from each triplicate group was used to calculate the value of percent specific lysis according to the formula % specific lysis = [(experimental release - upper half of the gradient. Fractions of 1.5 ml were collected from the bottoms of the tubes and analyzed for phosphate content and density. Each fraction was then dialyzed for 16 h at 4°C against PBS through which nitrogen gas has been bubbled. HA, NA, and protein concentrations of each fraction were determined. Figure 2 shows the equilibrium sedimentation pattern of VLRV-HNF reconstituted with 380 p.g of HN (Fig. 3) .
Characteristics of isolated VLRV-HNF. Fraction 12 banded at the density of 1.063 g/cm3. Although the lipid-to-protein ratio of starting material was 2.1 (wt/wt), the ratio found in the recombinant fraction was 6.6. Of total protein, 12% was reconstituted in the vesicles in fraction 12. VLRV-HNF was biologically active in assays for NA (0.22 NAU/p.g) and HA (25,600 HAU/ml). These activities are the expression of functional HN protein. Figure 4 shows the results of hemolyzing assays of VLRV-HNF. The hemolyzing activity of recombinant vesicles was comparable to that of the intact virus.
SDS-polyacrylamide gel electrophoresis of fraction 12 revealed two bands with molecular weights of 69,000 and 53,000 (Fig. 3) Table 2 .
The data shown in Table 2 (Fig. 5) . Cells modified by whole Sendai virus showed more uniform staining (Fig. 6) . In both preparations, over 90% of cells were positive, although there Table 3 , which indicates that all the P815 targets bearing Sendai virus glycoproteins were more susceptible than unmodified P815 cells. The cells incubated with either 50 or 100 jig of VLRV-HNF had the same degree of susceptibility. Susceptibility of these targets exceeded that of Yac-1 cells, which are known to be very sensitive to NKcell mediated lysis. These results indicate that the modification of the target cells by the acquisition of Sendai virus glycoproteins (and presumably, viral lipids) in this manner make the cells sensitive targets and that viral protein synthesis is not required for target cell formation.
Interferon assays conducted on supernatant fluids from the cytolytic assays were negative. DISCUSSION The experiments presented here document the extraction of Sendai virus glycoproteins HN and F from virions and the subsequent reassociation of the glycoprotein with phospholipid to form vesicles. The vesicles were used to transfer the biologically active glycoproteins to the surface of P815 cells. The P815 mastocytoma is relatively resistant to NK cellmediated cytolysis (4); however, such cells modified by the acquisition of HN and F were sensitive in the NK assay.
The extraction of the surface glycoproteins and lipids from virions was accomplished by using the nonionic detergent OG. This detergent has been used for the extraction of Semliki Forest virus protein (12) , influenza virus glycoproteins (15) , and vesicular stomatitis virus G protein (22) as well as other proteins. The detergent has two characteristics that were useful in the investigation. It has a high critical micellar concentration, and it is readily dialyzable (28) . In our work, the residual OG in the dialyzed material was less than 0.1 mM. In earlier work, we experienced a great deal of difficulty in removing Triton X-100 from our preparations.
The vesicles selected for use in the investigation incorporated about 12% of the protein available, and the ratio of lipid to protein was around 6 .0 despite an initial ratio of 2.1. In other experiments not reported here, we have varied the initial ratio over a range of 0.5 to 2.0 by the addition of phospholipids, and we have found that the visible band floats at a constant density of approximately 1.06 g/ml and that the lipid-to-protein ratio is consistently 6.0.
In the experiments reported here, we found phospholipid in one fraction of greater density than in that containing the (13, 14) . Evidence that interferon stimulates NK activity has been presented (19, 24, 32) and is generally accepted. However, Santoli et al. (24) 
